The effectiveness of three methods of operative cholangiography in outlining biliary anatomy was assessed in 60 patients undergoing routine cholecystectomy for gallbladder calculi. X-rays were scored according to bile duct visualization and an overall score calculated. There were no statistically significant differences between the three groups. However, ductal opacification was inadequate in a majority of patients. It is suggested that closer cooperation with the radiologist and more emphasis on technique are required if cholangiography is used to identify unsuspected calculi.
Introduction
Since the introduction of peroperative cholangiography by Mirizzi in 1937 the procedure has gained wide acceptance and in many centres is a mandatory part of the operation of cholecystectomy. In a recent review Morgenstern & Berci (1982) emphasized that cholangiography detected unsuspected stones, decreased the incidence of unnecessary bile duct exploration and delineated the anatomy of the biliary tree.
The accuracy of the technique depends on a satisfactory surgical and radiological technique and accurate interpretation of the X-ray films. However, Corlette et al. (1978) showed that the incidence of retained stones can be as high as 22% after duct exploration based on cholangiography alone. This may, in part, be related to unsatisfactory technique, which has been demonstrated to occur in 30-40% of patients (Rolfsmeyer et al. 1982 , Wayne et al. 1976 ).
Many methods for cholangiography exist, but introduction of contrast media into the biliary system is usually achieved by cannulation of the cystic duct or direct injection into the common bile duct. Several attempts have been made to improve duct visualization, and recently Tabak et al. (1983) used intravenous glucagon prior to injection of contrast. With this technique they demonstrated a significant increase in definition of biliary anatomy, perhaps as a result of a decreased resistance to bile flow (Dyck & Janowitz 1971) .
In view of the deficiencies that are present in operative cholangiography, a prospective study of three methods was undertaken to assess their ability to demonstrate the anatomy of the ductal system at cholangiography.
Methods
Sixty patients undergoing routine cholecystectomy for proven gallbladder calculi were studied. Patients were allocated to one of three groups. The age range was 22-82 years and the age and sex distribution was similar in each group.
Group A had operative cholangiography performed by cannulation of the cystic duct using a Stoke-on-Trent catheter and subsequent sequential injection of 3 ml, 6 ml, 11 ml of Conray 280 (May & Baker). Radiographs were taken following each injection at 2-minute intervals. 'Accepted 29 March 1984 2Present address: Bristol Royal Infirmary, Bristol BS2 8HW Group B underwent cholangiography using a similar technique of cystic duct catheterization and injection of contrast media. However in this group 1 mg glucagon (Novo Laboratories) was administered intravenously three minutes before the initial injection of Conray 280.
In Group C operative cholangiography was performed via direct puncture of the common bile duct using a curved 20-gauge spinal needle. Twenty millilitres of Conray 280 was injected as a bolus. Three X-ray films were then taken at 2-minute intervals.
All cholangiograms were assessed by the radiologist without knowledge of the treatment group. However it must be noted that Group C could be easily identified from the absence of the radio-opaque cannula. The three cholangiograms were scored according to a modification of a method described by Tabak et al. in 1983 (Table 1 ). The final score was calculated from the maximum score obtained from the three radiographs. Only those patients whose cholangiograms were radiologically 'normal' were included in this study.
Statistical analysis was by the Mann-Whitney inference test for non-parametric data.
Results
The median score observed in Group A patients was 3.0 (range 3-5), in Group B 3.0 (3-4), and in Group C 3.0 (1-4). There were no statistically significant differences between these groups. However, only 2 patients from the total of 60 recorded a maximum score of 5. Only 28% (17/60) of patients from the total study group achieved a cholangiogram score of 4 or more. The commonest reason for a low score was noted to be incomplete filling of the left hepatic duct.
All cholangiograms in Group C were also studied to assess filling of the cystic duct; this was shown in 50% patients. Visualization of the cystic duct was not associated with a high total cholangiogram score, and was often obscured by an overlying gallbladder.
Discussion
The routine use of cholangiography has been shown to reduce significantly the incidence of retained stones, as well as obviating the need for choledochotomy which Glenn (1965) and Sugme et al. (1977) showed was performed unnecessarily in 20%-40% of patients if clinical criteria alone were used.
However, technical faults can reduce the accuracy of the technique. In 1973 Hall and coworkers reported that poor radiography was a frequent cause of retained stones in the common bile duct; they commented that cholangiography should be considered inadequate unless the entire intraand extrahepatic biliary tree is seen filled completely. In a recent large retrospective series, Rolfsmeyer et al. (1982) found that 43% of operative cholangiograms were 'inadequate'. The most common cause of this problem was incomplete filling of the extrahepatic ductal system.
In the present prospective study we found no statistically significant difference between the three methods of cholangiography when cholangiograms were scored for duct 
Ampulla I Dye in duodenum I visualization. The use of glucagon did not appear to be beneficial, However, our finding that only 28% of patients achieved a score of 4 or more is of particular concern. This not only confirms the previous study of Rolfsmeyer et al. (1982) , but also demonstrates that the techniques used in the present study were unable to influence the adequacy of the investigation. Complete reliance should not be placed on operative cholangiography, particularly in cases which fail to demonstrate the entire intraand extrahepatic duct system. Repeat cholangiography should then be considered using variable radiographic exposures and different concentrations of contrast media. All radiographs in the study were used for diagnostic purposes, despite their apparent inadequacy. If the incidence of overlooked stones is to be reduced, cholangiography must be performed more accurately.
Our method of cholangiogram scoring enables a critical appraisal of the quality of the procedure and is a useful method of audit in clinical practice.
